principal objectives of this study are: 23 1) to assess the contribution of different components to the agro-ecosystem water budget and 24
2) to evaluate how agricultural practices and climate modify the components of the surface 25 water budget. 26
To achieve these goals, we tested a new method for partitioning evapotranspiration (ETR), 27 measured by means of an eddy-covariance method, into soil evaporation (E) and plant transpiration 28 To access the partition of ETR during the vegetation period, we first construct an MDS dataset 137 linking measured ETR values with meteorological variables during bare soil periods (when ETR is 138 reduced to its E component). Note that, for building the look-up table, we did not use a time moving 139 window as in Reichstein et al. (2005) but the maximum of available data during the bare soil periods 140 before or after the vegetated period. As a result, we estimated E during the period with vegetation 141 using MDS (E MDS ) with a similar range of driving variables. Bare soil periods were defined as the 142 period between tillage and sowing. Periods immediately following harvesting, when stubble was still 143 on the ground or when regrowth events occurred, were discarded from the MDS calculation dataset. 144 Table 1 describes the bare soil periods and the corresponding filtered ETR data available for the 145 calculation of E MDS . Vegetation periods were defined for a leaf area index (LAI) threshold above 146 0.2 m 2 m -2 during daytime. Outside of these periods, TR was assumed to be negligible, and E was 147 considered to be equal to the gap-filled ETR measurements. 148
Three variables that can be measured or estimated during both bare soil and vegetation periods 149 were considered as driving factors for E: soil water content at a 5 cm depth (SWC 5 ), temperature at a 150 5 cm depth (T s5 ) and net short wave radiation reaching the ground surface (RG s ). We choose not to 151 consider relative humidity and wind speed as driving factors because the first was too difficult to 152 model close to the ground in a fast growing stand and the second is supposed to vanish close to the 153 ground surface during the whole vegetated periods. Additionally, our objective was to test a method 154 that could be easily applied at sites that are equipped with instruments for standard 155 micrometeorological measurements. 156
The bare soil periods occurred during winter and spring before the summer crop season and7/29 MDS during vegetated periods. To set up E MDS , the E-driving variables space was split into regular 161 intervals; the initial ranges of these intervals were at first fixed at 2 % for SWC 5 where r is the LAI reduction coefficient accounting for surface losses caused by the falling and drying 189 of leaves during senescence. We considered r as varying linearly from 1 at LAI max to 0.8 at harvesting.8/29
where k is the extinction coefficient according to the incident direction (Ω s = (θ s ,υ s ), described by the 193 zenithal and azimuthal solar angles, respectively). The k formulation proposed by Goudriaan (1977) 194 was used: 195
Erreur !Erreur !(8) 196
where G(Ω s ) indicates the ratio of effective LAI tot , according to Ω s . In our case, leaf orientation was 197 assumed to be azimuthally symmetrical and spherical, and therefore, G(Ω s ) = G(θ s ) = 0.5. The 1−a v 198 term was introduced by Goudriaan (1977) to account for the influence of diffusion on transmittance. Shortwave radiative transfer through the canopy was estimated following the same equations as 248 employed for the calculation of RG s in the MDS approach (Equations (4) to (8)). For longwave 249 radiative transfer, the original ISBA formulation was used. Finally, the model calculates the dynamics 250 of 1) the land-surface energy balance terms: net radiation (Rn), H, LE and its two components (E and 251 TR) and soil heat flux (G); 2) the SWC of the two soil layers (the surface and rooting zones, with 252 potential extraction fixed at 1.5 m for both sites); and 3) the surface and deep soil temperatures as well 253 as canopy and radiative temperatures.
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In this study, the model was adjusted to fit the main half-hourly components of the energy 255 (Rn, LE and H) and water budgets (SWC) measured at both sites. We chose not to assimilate the 256 measured SWC_5cm in the model to control soil surface conditions but to calibrate surface resistance 257 to bare soil evaporation. As a result soil water budget is closed at both half-hourly and daily time step. 258
Optimization of model outputs was performed independently for each site (Auradé and Lamasquère). 259 Calibration of the model parameters was performed in two steps. The first step of optimization was 260 based only on the bare soil periods defined in section 2.2 (Table 1) to fit r ss and r a . This soil calibration 261 thus accounts for the site-specific soil response to E. Two parameters were considered as the most 262 sensitive and significant: A rss and the ratio z 0 /z 0h , which are involved in the r ss and r a formulations 263 (Equations (9) and (11)), respectively. The second step of optimization was performed for the 264 vegetation periods to optimize the vegetation control on TR: r smin and SWC wilt (Equation (10)). methods to estimate the partitioning between E and TR during this period. As the photographs were 295 taken at the beginning of the regrowth event, the constant LAI value used over this two-month period 296 was probably underestimated compared to the true LAI, even if growth was limited during this part of 297 the year. However, this forcing was required for ICARE-SVAT to estimate a more reliable annual 298
ETR. 299
In the ICARE-SVAT model, the evaporation of water intercepted by vegetation is taken into 300 account by the filling of a foliar reservoir which maximum capacity by unit of soil depends on the type 301 of crop, the LAI value and the leaf effective fraction for interception (Dickinson 1984) . Following 302
Deardorff (1978), the fraction of foliage moisten by intercepted rain evaporates at potential rate. In our 303 study, this evaporation was accounted for in TR. In the ETR measurements, this term was generally 304 not captured because the data were filtered during rain (or irrigation) events and during the following 305 The water budget was analyzed seasonally and annually using the following equation: 312
where P is the precipitation measurement; I is irrigation provided by the farmer; ΔSWC is the 314 integrated soil water content difference between the end and the beginning of the period; and D and R 315 are the drainage and runoff terms, respectively. The P (+I) -ΔSWC term represents the available 316 water for the ecosystem during the period considered. For this analysis, ΔSWC was integrated from 317 the surface to a depth of 100 cm (ΔSWC 0_100 ) using the SWC profile measurements During the growing season, the ETR dynamics closely followed the LAI dynamics (Figure 2) . 325
For winter wheat crops, the maximal ETR (ETR max ) was observed in the middle of May, i.e., at the 326 beginning of senescence, whereas for the summer crops maize and sunflower, ETR max was reached in 327 the middle of July, corresponding to the LAI maximum (LAI max ). The delay in ETR max compared to 328 LAI max observed for winter wheat crops may be explained by the seasonal dynamics of Rn, which 329 reaches its maximum at the end of June. Therefore, ETR continuously increased after LAI max was 330 achieved. The vegetation then dried, and the Rn was preferentially dissipated through H, which 331 increased following Rn. 332
The mean maximum ETR was 4. explained by the use of the force-restore method for water transfer that forced the surface layer to 398 follow the dynamic of the deep-water reservoir. Despite this problem, evaporation is correctly 399 estimated on bare soil due to compensations introduced by surface resistance calibration. 400
401
Comparison of the ICARE-SVAT and MDS results with measurements performed during bare 402 soil periods (Table 1) showed that E was estimated well by both methods (Table 4 ). The mean R 2 was 403 6 % higher, and the Nash criterion was 11 % higher for ICARE-SVAT than for MDS on average, 404 showing a more scattered prediction for MDS. However, the mean slope was 13% higher, while the 405 mean RMSE was 10% lower for MDS than for ICARE-SVAT. These results show that MDS allowed 406 a realistic and non-biased estimation of E during bare soil periods. Moreover, the estimations of TR 407 produced by MDS and ICARE-SVAT were very similar, with a mean slope for both sites and years of 408 observed. Therefore, the overestimation of Rn by ICARE-SVAT noted above (see Table 3 ) was 430 probably the main cause of the overestimation of ETR and E by ICARE-SVAT compared to the 431 observed values and to E MDS . 432
On both a seasonal and annual basis, the ICARE-SVAT and MDS partitioning between E and 433 TR were quite comparable ( Table 6 ). The mean absolute difference between the E estimation methods 434 was 24 mm on the seasonal time scale and 30 mm on the annual time scale. These differences can be 435 considered to represent an estimation of the uncertainty of the MDS method. The greater differences 436 observed for winter wheat at Auradé and Lamasquère were the result of particular meteorological 437 conditions and phenomena that the ICARE-SVAT simulation failed to describe, as explained above. 438
However, this did not induce an additional systematic error in MDS partitioning, even though such an 439 error could have been introduced, as both methods were calibrated during bare soil periods and applied 440 during vegetation periods. Radiative transfer, soil temperature and SWC dynamics were taken into 441 account in both cases, but differences in soil texture induced by tillage and progressive ground 442 collapse between sowing and harvesting were not considered. Soil properties and E might have been 443 impacted by these changes. 444
Additional and more comprehensive analyses of the uncertainties and processes involved in 445 these two partitioning methods would require accurate separate measurements of E and TR, which are 446 currently almost impossible. Sap flow measurements only represent one plant and the magnitude of 447 the flow can hardly be compared to the total transpiration. In addition sap flow measurements can be 448 delayed because of the internal water storage within the plant (Goldstein et al. 1998) . 449 17/29 their respective growing seasons, even when considering irrigation. Rn was also higher during 460 summer, which led to higher potential evaporative demands and water absorption by the plant cover. 461
For winter wheat, the seasonal ETR was comparable to that reported by Qiu et al. (2008) , ranging 462 between 257.3 and 467.5 mm depending on the irrigation supply. In a study performed by Suyker 
Although the amounts of annual precipitation are higher at Auradé, estimations of drainage 467 plus runoff water losses represented 26% of the apparent annual water availability, compared to only 468 18% at Lamasquère (Figure 4a ). This higher value at Auradé is consistent with the slight slope of this 469 site. The slop might have increased the runoff term during high precipitation events compared to 470
Lamasquère. On seasonal time scale, D + R was important for winter wheat at Lamasquère (Figure 4b ) 471 because of the high precipitation on saturated soil in the spring (Figure 2) . The negative value of D + 472 R for maize at Lamasquère is an artifact that illustrates the measurement uncertainties for P, 473 ΔSWC 0_100 and ETR. It therefore represents a negligible value for water loss through drainage and 474
runoff. 475
Overall, based on annual and seasonal time scales, the absolute values of E and its 476 contribution to ETR were higher at Auradé than at Lamasquère (Figure 4 and Table 5 ). These results 477 were attributed to the higher accumulated incoming radiation at the soil surface layer at Auradé. 478
Indeed, low LAI values (especially for sunflower, see Table 6) With partitioning method, we showed that the water budget partitioning between the different 513 components strongly depends on crop plot management and climate variability. E was shown to 514 represent nearly one-third of the water budget during the growing season and nearly half of the water 515 budget on annual time scale. Consequently changes in agricultural practices should help better 516 mitigate soil water use and improve production efficiency. For instance, water losses through E can be 517 mitigated by reducing the bare soil period and by promoting mulching, intercrop or cover crops. This 518 study has focused on water use yet has not considered other components essential to plant growth such 519 as nutrients. Use of intercrop or cover crops should be carefully considered as they would increase TR 520 and could limit the development of the subsequent crop due to mobilizing available nitrogen. The 521 effect of nutrients will be evaluated in future work. 
